Screening and chromatographic analysis of the extracts from the terrestrial streptomycete GW5127 and from the marine Streptomyces sp. isolate B7967 yielded four new metabolites, i.e. 8-ethyl-6,11-dihydroxy-1-methoxy-naphthacene-5,12-dione
The rapidly developing resistance and the appearance of new diseases require ongoing efforts to isolate novel compounds with improved pharmacological properties. In our respective studies on streptomycetes, the terrestrial strain GW5127 showed pronounced antibacterial properties, which were, however, due to β-rubromycin (2) and γ-rubromycin (3) [2] . Further chromatographic separation delivered several new compounds, 8-ethyl-6,11-dihydroxy-1methoxy-naphthacene-5,12-dione (1a), 4-acetyl-1,3dihydro-imidazo [4,5-c] pyridin-2-one (4a), N- [2-(3'- hydroxy-4'-methoxyphenyl)-ethyl]-acetamide (5a), and 3'-hydroxy-4'-methoxy-β-phenylethyl alcohol (5b). The cyclic urea derivative 4a was also isolated from the marine-derived streptomycete B7967, along with 5-hydroxymethyl-4-hydroxy-2,4-dimethyl-2cyclopentenone (6) , N-acetyltyramine, and uracil.
The TLC profile of the crude extract showed several red spots, which turned to violet with dilute sodium hydroxide, indicating the presence of peri-hydroxy displayed strong bands at λ max 310, 542 and 577 nm in neutral solution. Under basic conditions in methanol, the latter band showed a bathochromic shift to λ max 621 nm.
The 1 H NMR spectrum of 1a exhibited two singlets of chelated hydroxyl groups at δ 16.10 and 15.31. In the aromatic region, two spin systems were observed, the signals of a 1,2,3-trisubstituted benzene ring at Hz), and 8.26 (1H, d, J = 1.8 Hz). In the aliphatic region, the signals of a methoxy group (δ 4.08) and an ethyl group (δ 2.86, q; 1.34, t) were detected. The downfield shift of the latter and HMBC couplings with aromatic carbon signals indicated the direct linkage to an aromatic system.
The above data and the 13 C NMR spectrum indicated clearly that 1a is a homologue of 6,11-dihydroxy-4methoxy-9-methyl-naphthacene-5,12-dione (1b), a quinone isolated recently from Streptomyces sp. GW10/1811 [3] . Structure 1a was confirmed by further HMBC data ( Figure 1 ). A number of similar compounds have been reported from bacterial sources, and some of them are known to show potent antitumor and antibiotic activities [4, 5] . Tetracenequinones can be formed as artifacts from corresponding anthracyclines [6] , which are dehydrated easily during work-up, and so both types of compound are often isolated together. Therefore, it is worthy of mention that neither feudomycines, feudomycinones nor other anthracyclines were detectable here.
The UV spectrum of a second compound C 8 H 7 N 3 O 2 (by HREIMS) showed two maxima at 262 and 316 nm of an aromatic system. The 1 H NMR spectrum displayed only three proton signals at δ 8.26 (d, J = 5.1 Hz, 1H), 7.23 (d, J = 5.1 Hz, 1H) and δ 2.68 (s, Me). Two aromatic methine signals were found at δ 142.7 and 108.8; a methyl at δ 25.9 and 5 quaternary carbon signals appeared at δ 201.4, 157.6, 139.6, 135.0, and 128.5. The presence of a benzene ring was ruled out on the basis of the low coupling constants (5.1 Hz) of two methine doublets, which were more plausible for a pyridine system. An acetyl moiety was established on the basis of the methyl singlet, the corresponding carbon signal at δ 25.9 and a carbonyl signal at δ 201.4. The shift of the remaining carbon atom (δ 157.6) required a carbonyl group, which forms a 1,
with the residual two NH fragments and the pyridine ring. Both alternatives explain the CO shift and also the additional IR CO signals at 1685 (α,β-unsaturated CO) and 1619 cm -1 (NH-CO-NH). The data are comparable with the values of urea, which gives, in potassium bromide, intense absorption bands at ν ~1680 and 1620 cm -1 . Hz) and should, therefore, be placed in the α-position with respect to the pyridine nitrogen, so that the acetyl group must be attached to either C-4 or to the other α-position. The missing HMBC coupling between the aromatic protons and the acetyl-CO signal ( Figure 2 ) was not in agreement with 4b, so 4a was more plausible for the natural product. A final decision was achieved by synthesis of both isomers [7] : The 1 H and 13 C NMR data of the synthetic 4a were identical with those of the natural product, while the isomeric 4b showed clearly different values and gave also the expected HMBC coupling between H-6 and CO-8. The same compound (4a) was obtained later from the marine Streptomyces isolate B7967. A few simple dihydroimidazolones have been found linked to sugar moieties, e.g. in ureidobalhimycin, a glycopeptide antibiotic [8] . Annellated imidazolones are comparatively rare in nature, and not more than ca. 40 derivatives have been reported so far, wellknown purine derivatives like uric acid and guanin- The 1 H NMR data of compound 5a resembled those of N-acetyl-tyramine and showed broad singlets of D 2 O-exchangeable protons at δ 6.16 (OH) and 5.75 (NH), an acetyl group and an ethanediyl fragment. The signal pattern of a 1,2,4-trisubstituted benzene ring and an additional methoxy signal suggested either 3-methoxy-N-acetyltyramine or the isomeric N-[2-(3'-hydroxy-4'-methoxyphenyl)-ethyl]acetamide (5a), in accordance with the molecular formula (by HREIMS); 5a was fully confirmed by the 2D NMR spectrum (Figure 3) . Compound 5a is a synthetically known neuroprotectant and a metabolite of L-DOPA in rats [9] , but this is the first report from a natural source. It was accompanied by the respective 2-(3'-hydroxy-4'-methoxyphenyl)ethanol (5b), which is known as a fungal metabolite [10] , but had been described before only in silylated form. β-proton at δ 7.14 showed an allylic coupling with an olefinic methyl group (δ 1.80), which must, therefore, be placed in an α-position to the ketone. These values were comparable with those in the respective partial structure of phomapentenone A [11] . An oxygenated methylene group (δ 4.17, 4.07) formed an ABX pattern with a methine group at δ 2.40 (δ C 56.9) and showed HMBC cross signals with the carbonyl signal and with an oxygenated C q at δ 76.0. The remaining methyl singlet at δ 1.51 showed HMBC correlations with the double bond and the carbonyl carbon (208.1). Structure 6 was fully confirmed by further correlations (Figure 3 ).
HREIMS of
More than 300 microbial cyclopentenones are either annellated or show a completely different substitution pattern. Only very few are having a double bond, which is substituted in the αbut free in the β-position, as in 6. The fungal 2-(1-chloro-1propenyl)-4,5-dihydroxycyclopent-2-enone [12] is such an example; it showed antiinflammatory activity and inhibited the luciferase gene expression. In our antimicrobial tests, as for 4a, 6 Taxonomy: Strain GW5127 is a Streptomyces sp. with spore chains forming narrow spirals. The culture was melanine-negative and produced a red-brown pigment. The strain is deposited in the culture collection of actinomycetes at the Labor Grün-Wollny, Versaillerstr. 1, D-35394 Giessen, Germany Streptomyces sp. strain GW5127: A sub-culture of the terrestrial strain Streptomycetes GW5127 was used to incubate a 25 L shaker culture using M 2 medium (10 g/L malt extract, 5 g/L yeast extract, and 5 g/L glucose in tap water, set to pH 7.8 before sterilization). The culture broth was harvested after 8 days, mixed with Celite, and filtered. The filtrate and mycelia were separately extracted using XAD-16 for the water phase, followed by elution with MeOH-H 2 O. The methanolic extract was evaporated and the water residue was again extracted with ethyl acetate. The biomass was extracted with ethyl acetate (3 times). Strain B7967 has been isolated from sediment of the Laguna de Terminos in the Gulf of Mexico using cellulose medium [13] containing 50% seawater. The almost complete 16S rRNA gene sequence of the strain shows 99% similarity to Streptomyces caelestis. The strain forms an orange substrate mycelium and beige aerial mycelium on yeast extract-malt extract agar. A light orange diffusible pigment is produced. The strain is deposited in the culture collection of actinomycetes at the Alfred-Wegener-Institute for Polar and Marine Research, Am Handelshafen 12, D-27570 Bremerhaven, Germany
Streptomyces sp. strain B7967: The marine strain was cultivated in the same way as before, however, using 50% artificial seawater (25 L, 28°C for 7 days). Repeated chromatography on silica gel and Sephadex LH-20 yielded 4a (4.0 mg) and uracil (3.8 mg). From a second sub-fraction, compound 6 (5.3 mg) and Nacetyltyramine (18.2 mg) were obtained.
8-Ethyl-6,11-dihydroxy-1-methoxy-naphthacene-5,12-dione (1a)
Red amorphous powder. 
2-(3'-Hydroxy-4'-methoxyphenyl)ethanol (5b)
Colorless oil. 1 
